Keratinizing squamous metaplasia is infrequently found in bladder biopsies and its clinical significance remains unclear, with some studies linking it to the development of invasive squamous cell carcinoma (SCC).
suggests it may be commoner than this figure [2] . There are numerous presumed aetiological factors, all of which result in chronic irritation of the bladder mucosa.
Urinary Tract Infections. Worldwide, schistosomiasis is the commonest cause of squamous metaplasia. Before anti-tuberculous therapy, urinary tract tuberculosis was commonly associated with squamous metaplasia of the urinary tract. This was also seen with syphilis before the widespread use of penicillin. Currently Escherichia coli, Proteus and Streptococcus faecalis are the 3 most identified organisms in patients with squamous metaplasia. Traditionally the literature cites a rate of between 49 and 100% of proven infection in these patients [1] [2] [3] [4] . It is postulated that urinary infections cause keratinizing squamous metaplasia in response to the inflammatory trauma. Furthermore Ozbey et al. [5] suggested that the defects on the glycosaminoglycan layer of the bladder surface, which is created by non-keratinizing trigonal squamous metaplasia, may lead to the development of infection.
Urinary Tract Irritants. Chronic irritants associated with squamous metaplasia include: indwelling catheters, urinary calculi, urinary outflow obstruction, fistula, tumours, bladder extrophy, neurogenic bladder, previous bladder surgery and vitamin A deficiency [3] . Akdas et al. [6] observed squamous cell metaplasia progressing to SCC in a patient receiving radiation therapy for transitional cell carcinoma.
Genetic Factors. The only case in the literature refers to Mueller et al.'s [4] description of 3 women in a family who presented with urothelial leukoplakia with no underlying aetiological factor.
Clinical Features
Patients usually present with non-specific irritative urinary symptoms including haematuria, dysuria, urgency and frequency [2, 7, 8] . There is a slight male-tofemale predominance [9] . In their study, Khan et al. [2] identified 1 patient who actually passed white flakes in the urine.
Keratinizing squamous metaplasia most often occurs in the bladder. Benson [7] in his study identified 108 patients with leukoplakia lesions: 24 had upper urinary tract lesions, 78 had bladder lesions and 10 had urethral metaplasia lesions (1 with renal and bladder involvement, 3 with bladder and urethral involvement, and 1 with urethral and renal involvement). Reece et al. [10] identified it twice as commonly in the bladder compared with the renal pelvis and ureter.
Pathology
The pathological features of keratinizing squamous metaplasia were first described by Rokitansky in 1862. He described an excessive formation of squamous epithelium with desquamation and piling of the epithelium, identifying this lesion as a 'cholesteatoma'. The definitive description came later from McDonald [11] , who put it simply as cornification of a non-cornifying membrane.
At cystoscopy keratinizing squamous metaplasia appears as an area of hyperaemia with pearl-like plaques, which appear to float over the surrounding inflamed urothelium. These plaques can either be discrete or diffuse, blending imperceptibly into the surrounding epithelium. When these pearly plaques are disturbed, the underlying surface appears papillary and bleeds easily. Keratinization can affect any part of the bladder, including the prostatic urethra, but usually spares the ureteric orifices [2, 12] .
Microscopically, the urothelium is replaced by stratified squamous epithelium which can be classified into keratinizing and non-keratinizing subtypes ( fig. 1 , 2 ). In the keratinizing type, there is an overlying layer of keratin. The non-keratinizing type includes the so-called vaginal type seen in females at the trigone and bladder neck. This is considered a normal anatomical variant under hormonal influence [5, 13] . Other non-invasive squamous lesions of the bladder include verrucous squamous hyperplasia, squamous papilloma, condyloma accuminatum and SCC in situ [9] . As well as confirming the diagnosis, biopsy is required to exclude macroscopic mimics, which include fungal cystitis, alkaline encrustation, malakoplakia and amyloid [2] .
Keratinizing squamous metaplasia appears to be a significant risk factor for the development of vesical carcinoma [2, 5, 7, 9, 14, 15] . In fact, concomitant invasive squamous carcinoma is found in a significant proportion of cases at the time of diagnosis [2, 9] . Whilst there is usually no nuclear atypia, a spectrum of dysplastic changes may be seen ranging from low-to high-grade dysplasia and squamous carcinoma in-situ. Therefore, whilst not a premalignant lesion per se, keratinizing squamous metaplasia is presumably a pre-neoplastic condition [16] . However, its rarity in the bladder makes the stepwise development from metaplasia through dysplasia and carcinoma in situ to invasive carcinoma more difficult to identify than in the uterine cervix, where it is a well-known phenomenon [2] .
Natural History
Various theories have been postulated as to why squamous metaplasia may progress to invasive bladder cancer.
Review
Mueller et al. [4] reported inflammatory changes in the bladder wall underlying areas of keratinizing squamous metaplasia. Electron microscopic studies reveal that squamous epithelium lacks tight inter-cellular junctions in contrast to the transitional epithelium. Thus one may presume that urine penetrates into the submucosal layer of the bladder causing inflammatory changes, with extensive bladder involvement causing contraction and non-compliance.
Roehrborn et al. [17] reported keratinizing squamous metaplasia progressing to SCC in a defunctionalized bladder 19 years after urinary diversion. The conclusion they reached was that once the initial metaplasia of the transitional epithelium of the urinary tract has occurred, chronic irritation (urine) is not required to cause further progression to SCC.
It is well recognized that squamous metaplasia and the SCC of the bladder frequently co-exist. The incidence of squamous metaplasia associated with tumour at the time of diagnosis is between 9 and 22% [2, 7, 18] . The commonest malignancy associated with squamous metaplasia is SCC. Other associated types include transitional cell carcinoma and undifferentiated carcinoma as well as reports of glandular and even sarcomatous malignancies [2, 7] .
Holley and Mellinger [19] described the first case of SCC developing in a patient undergoing follow-up. Ozbey et al. [5] performed follow-up studies in non-keratinizing (n = 2) and keratinizing squamous metaplasia (n = 2).
Neither of the non-keratinizing patients had any subsequent neoplastic changes, but 1 patient with keratinizing squamous metaplasia developed urothelial carcinoma with squamous differentiation.
Khan et al. [2] described in their cohort 6 of 11 patients with extensive and 2 of 16 with limited squamous keratinizing metaplasia developing subsequent bladder cancer. Six of these 8 patients had advanced cancer leading to an early death.
Guo et al. [9] followed up 4 patients with squamous metaplasia, 2 of whom developed urothelial carcinoma with squamous features.
Khan et al.'s [2] retrospective review over 54 years suggests the latent period for development for carcinoma is variable (4-28 years). They found that patients with synchronous squamous metaplasia and carcinoma presented at ages equivalent to normal bladder cancer incidence age curves (mean 62.5 years). In their study, those who developed metachronous carcinoma had been diagnosed with squamous metaplasia at a younger age but developed carcinoma after a long latent period. Their mean age at diagnosis of carcinoma was 64.5 years, similar to the age at which squamous metaplasia and carcinoma were diagnosed simultaneously.
There is still a paucity of data regarding whether keratinizing squamous metaplasia should be considered as a pre-malignant condition ( table 1 ) . However the recent International Consultation on the diagnosis of Non-Invasive Urothelial Neoplasms in 2002 considered keratiniz- 
ing squamous metaplasia as a presumed pre-neoplastic condition [16] .
Management
There are reports of resolution of squamous metaplasia of the bladder, whether spontaneously or after some form of treatment. O'Flynn et al. [18] treated 10 cases with complete transurethral resection and fulguration and observed no recurrence during 3-5 year follow-up. These findings have been replicated in further studies [2, 3] .
Reece et al. [10] reported spontaneous resolution of squamous metaplasia in 5 of 44 patients. Mueller et al. [4] noticed resolution of clinical symptoms as well as improvement of macroscopic and microscopic appearances after 6 months of therapy with sodium pentosanpolysulphate.
Follow-Up
Keratinizing squamous metaplasia may be limited or extensive. The natural history of the limited lesion is favourable, and potentially curable. In contrast, those with extensive keratinization may have a higher risk of cancer development, bladder contraction and upper urinary tract obstruction.
To ensure early detection of tumour one should carry out annual cystoscopy and multiple biopsies even if initial examination does not reveal dysplasia [2] . Treatment of choice is transurethral resection [2] . Given the lack of evidence at present it is not justified to advise cystectomy for patients with extensive squamous metaplasia alone.
Conclusion
Keratinizing squamous metaplasia appears to be a response to chronic irritation of the bladder. At present this process should not be considered a pre-malignant condition; this term being reserved for intra-epithelial neoplasia. There is however an increased risk of neoplasia in these patients, especially those with extensive lesions. Regular follow-up with cystoscopy and biopsy is indicated. Lesions should be treated with transurethral resection. Cystectomy is currently not considered standard treatment. Table 1 . Incidence of synchronous cancer and progression to cancer of those with keratinizing squamous metaplasia
